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After UV irradiation urn~ skin there is an increase 
in epidermal and stratum corne.Qm thickness and an 
increase in the thymidine autoradiographic labeling in-
dex. Previously we have demonstrated that persistent 
exposure to ultraviolet radiation (UVR) alters the distri-
bution and activities of glucose-6-phosphate dehydro-
genase (G-6-PDH) and s uccinic dehydrogenase (SDH) 
within the epidermis; G-6-PDH activity is increased over 
the whole epidermis and SDH activity is diminished in 
the granular cell area but increased in the basal layer. 
When skin is protected by an efficient sunscreen and 
irradiated with UVB, there is almost complete inhibition 
of the erythema normally seen following UVR exposure. 
In this study we have investigated the cytochemical, cell 
kinetic, and histometric changes that take place in the 
epidermis after UVB irradiation, with and without two 
different types of sun~creen. Some of the histometric and 
metabolic changes associated with UVB exposure were 
still evident despite sunscreen protection and the suc-
cessful blocking of the erythema response. The implica-
tions of these findings are discussed together with the 
use of s unscreens to prevent development of solar dam-
age. 
The damaging effect of ultraviolet radiation (UVR) on the 
skin has been known for some time. The early studies of Unna 
[1] and Dubreuilh [2] suggested that prolonged exposure to 
sunlight may result in the development of skin cancer. More 
recently, many workers, notably Blum [3] and Urbach and 
coworkers [ 4,5] have established that the frequency of skin 
cancers is related to the degree of sun exposw·e, geographic 
location, and skin type. 
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Abbreviations: 
G-6-PDH: glucose-6-phosphate dehydrogenase 
LI: labeling index 
MED: minimal erythema dose 
MET: mean epidermal thickness 
MSCT: mean stratum corneum thickness 
ODC: ornithine decarboxylase 
PABA: para-aminobenzoic acid 
SOH: succinic dehydrogenase 
SPF: sun protection factor 
UVH: ul traviolet radiation 
As it is now established that prolonged sun exposme can 
have a harmful effect on normal Caucasian skin a nd very 
serious effects on clinically susceptible individuals, the quest to 
find an efficient sunscreen is evident from the volume of pub-
lished li terature on the subject. Most of t he published data 
relating to sunscreen performa nce rely simply on measm ement 
of erythema levels, either in natural sunlight [6, 7), with a n 
artificial light source [8], or both [9). However, Snyder and 
May [10] found that a para-aminobenzoic acid (PABA)-con-
taining sunscreen had the ability to reduce hyperplasia and 
inhibit tumor formation in hairless mice treated with DMBA 
before exposme to UVR. Gurish et al [11] examined skin 
biopsi~s fro_m _mice treated with sunsc1:een preparations before\ 
UVB u-rad1atwn and demonstrated httle or no hyperplasia, 
pigmentation, or parakeratosis compared to controls. Pretreat-
ment with the various sunscreens did not, however, prevent the 
induction of tumor susceptibility as measmed by the sustained 
growth of a UVR-induced tumor which is immunologically 
rejected in normal syngeneic mice. The authors concluded that 
there is a clear distinction between the histologic changes 
induced by UVB and those leading to tumor susceptibility in 
m1ce. 
The purpose of the present study was to determine whether, 
following irradiation with UVR, two fi-equently used sunscreens 
prevented the epidermal response in humans as effectively as 
they protected against the production of erythema. 
MATERIALS AND METHODS 
Areas of previously non-sun-exposed buttock skin (4 X 2.5 em in 
diameter) selected on 10 normal volunteers (6 female, 4 male, mean age 
22 years), who had given their informed consent, were irradiated 10 
times during a 14-day period with a bank of 4 Westinghouse FS20 
flu orescent sunlamps (10-20 mJ /cm" were required to produce 1 mini-
mal erythema dose). These lamps emit a continuous spectrum between 
290 and 380 nm, peaking at 313 nm. T he minimal erythema dose 
(MED) was determined for each individual and was 1-2 min in each 
case. 
The two commerically available sunscreens used were Spectraban 
(2.5% isoamyl-p-N,N-dimethylaminobenzoate) with a un protection 
factor (SPF) of approximately 7 (Stiefel Laboratories Ltd.), and Uvistat 
(4% mexenone) with an SPF of approximately 5 (WB Pharmaceuticals). 
Both these sunscreens are commonly prescribed in Europe at the 
present time. Each of the sunscreens was used on 5 volunteers. Two 
areas on each volunteer had a 6-MED dose of UVH on each occasion, 
one area was protected by one of the sunscreens applied 5 min before 
inadiation, the other erved as an irradiated, nonprotected control site. 
Two other protected sites had 4 MEDs and 2 MEDs of UVR on each 
occasion, respectively. Each protected site was covered wi th either 0.05 
em" of Spectra ban or 50 mg of Uvistat. On conclusion of the irrad iation 
period, 5 x 4 mm punch biopsies were taken from the buttock area, one 
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from each of the 4 irradiated sites and a fifth from a non irradiated site. 
All biopsies were taken 24 h afte r f1nal irradiation schedule. 
Each of the biopsies was halved: one half was trimmed and further 
sliced and then placed in Eagle's minimal essent ia l medium conta ining 
2.5 1-1Ci CHJ-thymidine per ml of medium (sp act 24 Ci!nmol) (Amer-
sham International UK) for 4 h. Following incubation the t issue was 
removed, washed in "cold" medium, fixed in 10% buffe red formalin (pH 
7.2), and processed fo r histologic and histometric evaluation. Autora-
diographs were prepared by the dipping fi lm method and the number 
of labe led basa l and suprabasal ce lls were coun ted. The labeling index 
(LI) was expressed as a percentage of the tota l number of basal ce lls. 
T he other ha lf of the biopsy was prepar ed for cytochemical assay by 
quenching in hexane cooled to -70°C by a lcohol and solid C02 mixture. 
Sections were cut on a Bright's motor-driven cryostat at lO 1-1m, and 
the section thickness was monitored to a llow subsequent measurement 
[12]. Sections were prepared to demonstrate succinic dehydrogenase 
(SOH) and glucose-6-phosphate dehydrogenase (G-6-PDH) activities. 
T he methods employed were based on those of Chayen et al [1 3]. Most 
reagents and substrates were obta ined from the S igma Chemical Co. 
Ltd. , Poole, Dorset, UK, but glycylglyc ine and sod ium succinate were 
obtained from BDH Ltd., Poole, Dorset, UK and the polyvinyl a lcohol 
(PV A) from the Cytochemical Co., Edgware, Middlesex, UK. 
T he incubation mixtures and times used were as fo llows. SOH: 10 ml 
of0. 1 M glycylglycine buffe r pH 7.8-8.0, 2 mg/ml ni tro blue tetrazolium , 
13.6 mg/ml sodium succinate (6H 20 ), 0.1 mg/ml phenaz ine methosul-
phate-incubation time 60 min al 37°C in an atmosphere of nitrogen. 
G-6-PDH: 10 ml ofO.l M glycyl-glycine buffer pH 7.8-8.0, 3 mg/ml ni tro 
blue tetrazolium, 1.5 mg/ ml D-glucose-6-phosphate, 2.5 mg/ml NADP 
0.1 mg/ml phenazine methosulphate- incubation time 20 min at 37°C 
in an atmosphere of ni trogen . 
After incubation, sections were washed in disti lled water, mounted 
in glycerine jelly, and the a mount of reaction product deposited was 
measured on a Vickers M85 scanning and in tegrating microdensitom-
eter at an optimal absorption of 570 nm . In each case measurements 
were taken at eq uidistant poin ts along the in terfoUicu lar epidermis in 
2 consecutive sections. A total of 20 readings was taken for each 
histochemical preparation and measurements were made from 3 sites. 
By selecting the appropriate masking a per ture in the microdcnsitom-
eter the densities of the reaction products in the granular cell layer, 
basal ce ll laye r, or the complete (total) epidermis were measured, 
making a tota l of 60 readings per s lide. T he resul ts are expressed in 
un its of optical density. (It has been shown previously that fo r any set 
of standardized condit ions it is possible to calculate the a bsolu te activ-
it ies of the enzymes concerned, as the optical densit ies of the formazan 
deposits vary linearly with the enzyme activit ies [14].) 
RESULTS 
Erythema 
T he eryth ema was assessed 24 h after irradiation a nd daily 
for the duration of the experiment. At all t imes examined there 
was complete protection up to t he highest dose level (6 M EDs) 
with Spectra ban, but with Uvistat sligh t erythema was seen at 
the 6-MED level only. T he unprotected, irradiated site showed 
severe erythema in all subj ects, sometimes developing into a 
tan. T here was some degree of scaling in all subjects, with sligh t 
edema in some during the first half of t he irradiation period. 
None of the subjects experienced any discomfor t as t he area of 
UV irradiation was small. 
Auto radiographs 
Table I show.s the (Lis) for the Spectraban- treated skin. It 
can be seen that the control nonirradiated and irradiated a nd 
TABLE I. Labeling indices for UV-irra.d iated and Speclraban· 
protected human epidermis (N = 5) 
Treatment 
UVR6 MED 
UVR 6 MED + Spectraban 
UVR 4 MED + Spectraban 
UVR 2 MED + Spectraban 
Norma l skin-control 
Labeling index 
(percen tage) 
23.66 ± 8.29 
7.30 ± 2.16 
5.44 ± 2.59 
5.32 ± 1.23 
5.30 ± l.l1 
'ignificance 
(p va lu e)" 
0.01 > p > 0.005 
0.05 > p > 0.025 
p > 0.45 
p > 0.47 
"p = value obtained using two-ta iled Student's t-test. 
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TA BLE II . Labeling indices fo r UV-irradiated and Uuistat-protected 
hwnan epidermis (N = 5) 
T reatment. 
UVR6 MED 
UV I'l 6 MEO + UvisLaL 
UVR 4 MI<::O + Uvistat 
UVH 2 MED + Uvistat 
Normal skin-control 
Labeling index 
(percen tage) 
18.64 ± 1.75 
5.67 ± 1.02 
6.6 ± 2.53 
6.1 7 ± 2.06 
4.10 ± 1.73 
ignificance 
( p va lu e)" 
p < 0.001 
0.05 > p > 0.025 
p > 0.05 
p > 0.05 
" p = value obtained using two-tailed Student's t-test. 
TA BLE Ill. Mean. epiderma.l th iclmess measurements fo r UV-
irradiated and Uuistat-protected human epidermis (N = 5) 
.. r reatment 
UVR6 MED 
UVR 6 MED + Uvistat 
UVR 4 MED + Uvistat 
UVR 2 MED + Uvistat 
Normal skin-control 
Th ickneHs 
(run) 
169.30 ± 24.0 
104. 19 ± 30.17 
103.39 ± 15.05 
87.41 ± 23.5 
86.17 ± 18.92 
Significance 
( p va lu e )" 
p < 0.001 
p > 0. 15 
p > 0.5 
p > 0.4 
" p = value obtained using two-ta iled Student's t-test. 
T AB L E IV. Mean epidermal thichness measurements for UV-
irradiated and Sp ectraban.-protected lw.m.an. ep idermis (N = 5) 
Treatment 
UVR6 MED 
UVR 6 MED + Spectraban 
UVR 4 MED + Spectraban 
UVR 2 MED + Spectraban 
Normal skin-control 
Thickness 
(/l lll ) 
178.54 ± 44.65 
98.51 ± 24 .81 
97.21 ± 10.92 
85.49 ± 15.42 
84.40 ± 7.75 
Significa nce 
( p va lue)" 
0.02 > p > 0.01 
jJ > 0.15 
p > 0.10 
p > 0.4 
" p = value obtained using two-ta iled S tudent's t -test. 
protected areas had a normal LI of 5.3-7.3% whereas the 
irradiated and nonprotected group had an elevated LI of 23. 7%. 
T able II shows a similar resul t for Uvistat-treated skin with 
the LI of the irradiated nonprotected group at 18.7% while the 
other 3 protected, irradiated groups gave a similar resul t to the 
control normal skin . 
Mean Epidermal Thiclmess (ME T) and Mean Stratum 
Corneum Thiclmess (MSCT) 
The results of the MET measurements as determined on t he 
Quantimet 720 image a nalyzing compu ter can be seen in Tables 
III and IV. There is no significant increase in epiderma l t hick-
ness in any of the iri·adiated a nd protected groups when com-
pared to the control noniJTadiated group . H owever , a significant 
increase can be seen in the irradiated a nd nonprotected group 
when compa red to the nonirradiated group. There is, however, 
incomplete protection from epiderma l thickening after UVR 
and sunscreen application. This is most obvious at 6 a nd 4 
ME Ds with Uvistat protection. 
H owever, on measming the MSCT using the Quantimet 720 
image analyzing computer, it can be seen fro m T a bles V a nd VI 
that there is a significant difference in thickness between the 
ir radia ted a nd control noni.rradiated skin which protection wi t h 
sunscreen application did not completely prevent. In fact the 
SC thickness increased in a dose-dependent fashion as the dose 
of UV increased. 
Cytochemical Assay 
SDH activity: In control noni.rradiated epidermis the SDH 
activity is fa irly evenly distribu ted t lu·oughout the epidermis. 
Post-UV inadiated epidermis demonstrated enzyme activity 
mainly in the basal and lower malpighia n cell layers in the 
epidermis, while most of the activity in the granular cell zone 
was lost. There were also changes in the distribution of SDH 
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TABLE V . Mean stratum corneum lhiclm.ess measu.rem.ents for UV-
irradialed and Uuistat-protected lwma.n epidermis (N = 5) 
Treatment 
UVH.6MED 
UVR 6 MED + Uvistat 
UVR 4 MED + Uvistat 
UVR 2 MED + Uvistat 
Normal skin-control 
Thick ness 
(!'Ill) 
49.67 ± 15.72 
31.21 ± 4.49 
30.18 ± 5.29 
26.72 ± 6.39 
17.07 ± 4.53 
Signifi cance 
( p value)" 
O.O L > p > 0.005 
0.005 > p > 0.001 
0.05 > p > 0.025 
0.05 > p > 0.025 
"p = value obtained us ing two-tai led student's /-test. 
TABLE VI. Mean stratum corneum lhiclm ess m.ea.surem.en.ts for U \f-
irradia.ted and Speclra.ba.n-protected luuna.n epidermis (N = 5) 
Trea Lm ent 
UVR6 MED 
UVR 6 MED + Spectraban 
UVR 4 MED + Spectraban 
UVR 2 MED + Spectraban 
Norma l skin-control 
Thickness 
(!till) 
86.05 ± 17.21 
59.98 ± 9.44 
37.54 ± 3.92 
30.45 ± 5.43 
21.68 ± 0.42 
ignifica nce 
( p value) " 
0.005 > p > 0.001 
0.005 > p > 0.001 
0.005 > p > 0.001 
0.05 > p > 0.025 
"p = value obtained us ing two-tai led Studen t's /-test. 
0 ·6 
0 ·2 
0 
A 8 c D 
Cl Total epidermis 
E1n Granular cell Ioyer 
- Basal cell toyer 
FIG l. SDH activ ity of Spectraban-protected human epidermis. A 
= 6 MEDs of irradiation with no protection, B = 6 MEDs of irradiation 
plus protection, C = 4 MEDs of irradiation plus protection, D = 2 
MEDs of irradiation plus protection, E = normal skin. N = 5. 
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FIG 2. SDH activ ity of Uvistat-protected human epidermis. A = 6 
MEDs of irradiation with no protection, B = 6 MEDs of irradiation 
plus protection, C = 4 MEDs of inad iation plus protection, D = 2 
MEDs of irrad iation plus protec tion, E = normal skin . N = 5. 
activity in the UV -inadiated and protected skin compared to 
the profile in the control skin . The results obtained following 
quantitation of the specimens can be seen in Figs 1 and 2 and 
show a dose-dependent response to UVR in the protected sites. 
There was a lso a general decrease in epidermal enzyme activity 
after inadiation that was not fully prevented by sunscreen 
protection. 
G-6-PDH activity: This enzyme activity is found in control 
nonirradiated epidermis as a band of reaction product in the 
granular layer with only a small amount of activity in the 
malpighian cell and basal cell zones. In the UV -irradiated and 
nonprotected epidermis this band "spread" considerably and 
showed increased activity down as far as the basal cell zone. 
The stratum corneum also appeared to exhibit strong formazan 
staining in areas of parakeratosis. After UV irradiation a nd 
sunscreen protection the activity of G-6-PDH has spread be-
yond that seen in the control epidermis. MeasuTement (Figs 3, 
4) revealed that there was a considerable increase in enzyme 
activi ty after irradiation and this was apparent in all 3 defined 
epidermal areas t hat were investigated. It was also apparent 
that the sunscreens did not completely block this increase in 
activi ty and that the increase was dose dependent. 
DISCUSSION 
It is well known that immediately following UVB exposUl'e, 
DNA synthesis is inhibited, followed shortly afterwards by an 
increased rate of synthesis [15]. Other workers (16) have sug-
gested that DNA synthesis may be a mar·ker as to the effec-
tiveness of a sunscreen in stopping the harmfu l effects normally 
associated with UVB irradiation. Pearse and Marks [17) found 
an increased thymidine autoradiographic LI in solar keratoses 
and surrounding sun-exposed but clinically normal skin, when 
compar·ed with nonexposed sites. The results presented here 
show that following irradiation and sunscreen protection the LI 
remained unchanged when compared to control epidermis. The 
epidermal thickness also remained unchanged, although in the 
Uvistat-protected sKin some thicken ing was seen at 4 and 6 
14 
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FIG 3. G-6-PDH activi ty in Spectraban-proLected human epidermis. 
A = 6 MEDs of irradiation with no protection, B = 6 MEDs of 
irradiation plus protection, C = 4 MED of irradiation plus protection, 
D = 2 MEDs of irrad iation plus protection, E = normal skin. N = 5. 
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FIG 4. G-6-PDH activity in Uvistat-protect.ed human epidermis. A 
= 6 MEDs of irradiation with no protection, B = 6 MEDs of irradiation 
plus protection, C = 4 MEDs of irrad iation plus protection, D = 2 
MEDs of irradiation plus protection, E = normal skin . N = 5. 
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MEDs. However, despite th e absence of erythema the protec-
tion was not complete, as the MSCT increased in a dose-
dependent fashion despite sunscreen protection, implying that 
there was an epidermal response. More important are the 
cytochemical changes that we observed following UV irradia-
tion and protection. 
The development of cytochemical changes in SDH and G-6-
PDH activities after UV irradiation [18] similar to those seen 
in solar keratoses has already been reported [19]. Other workers 
have also shown abnormali ties in SDH [20] and G-6-PDH [21] 
activities in neoplastic and preneoplastic tissue. Heyden [22] 
examined potentially malignant and malignant oral epithelium 
in both rat and human tissue. He demonstrated G-6-PDH 
activity histochemically in all malignant, some dysplastic, and 
some hyperkeratotic tissue, using incubation condi tions that 
produced no activity in control tissue. Evans et al [23] found 
changes in the levels of G-6-PDH and SDH activity in the early 
stages of carcinogenesis in hamster cheek pouch. Lowe et al 
[24] showed increased ornithine decarboxylase (ODC) activity 
in hairless mice followin g a single irradiation with UVL from 2 
Westinghouse lamps. The authors raised the question of the 
specificity of increased ODC activity following UV irradiation 
and the possible relationship to t umor promotion [25]. 
Despite the observations of these authors there is still no 
positive evidence that the pattern of alteration in enzymic 
activity that we and they have observed is specifically related 
to the development of neoplasia. Experiments have been initi-
ated in our group to determine whether other types of trauma 
can induce similar changes. After a heat stimulus to the skin 
there were no measurable changes in either SDH or G-6-PDH 
activities in the epidermis. Daniels et al [26] examined the 
histochemical response of human epidermis to UVR and found 
that up to 5 days after irradiation, no change in SDH activ ity 
occwTed. These workers used the back skin of healthy volun-
teers who had not exposed their backs to sunlight for 6 mo nths. 
Our findings indicate that cell kinetic changes and alterations 
in enzyme activities such as those described here cou ld persist 
and possibly have already taken place in th e back skin of 
normal individuals who have been exposed for even short 
periods [17]. This is the reason for the choice of buttock skin in 
this series of experiments. Cerirnele et a! [27] studied 14 en-
zymes in sun-exposed skin of young and old volun teers, and all 
exposed sites showed elevated G-6-PDH levels, while most 
other enzymes, including those of the Krebs cycle, showed a 
depression. Cerirnele concluded that chronic sun damage of 
human skin and the neoplasms that develop on such skin are 
two related but different processes. 
T he reasons for the dissociation between the erythematous 
response and the metabolic changes are not clear. It seems 
possible that the metabolic changes are more sensitive indica-
tors of epidermal damage than the erythema and that there is 
a different dose dependency for each. However, it is also pos-
sible that there are differing wavelength dependencies as the 
lamps used emitted rad iation at 290-380 nm and the sunscreens 
may protect for only part of this spectrum. Our results confirm 
the suggestions that protection against injury from UVR by the 
use of convent,ional sunscreens may not be complete. Simply 
using erythema as a marker for sunscreen effectiveness is not a 
sufficient guide to protection, as we have shown here t hat 
metabolic changes and SC thickening do occur after application 
of sunscreens and irradiation, despite the inhibition of ery-
thema. T here is, however, no evidence to suggest t hat either 
om find ings or the findings of other workers discussed in this 
paper are specific to any event leading .to neoplasia. 
T he data presented here have important implications for 
patients with photodermatoses (e.g.', lupus erythematosus, xe-
roderma pigmentosum) . UV-susceptible individuals may still 
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experience both short-term and long-term effects of UVR ex-
posure despite t he apparent protection offered by sunscreens. 
The authors wou ld like to tha nk Mr. S. A. Gaskell for his inva luable 
technical assistance during the course of this study. The authors wou ld 
a lso like to thank Barbara Hooper for her patience a nd exper tise in 
typing this manuscript. 
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